Summary
Introduction
In-stent restenosis (ISR), which is almost always attributable to intimal hyperplasia, was a significant clinical problem in the era of bare-metal stents (BMS) [1] . Several percutaneous coronary intervention (PCI) techniques using balloon angioplasty and atherectomy devices failed to improve the long-term outcomes after treatment of ISR [2] [3] [4] . Subsequently, an additional stent implantation with drug-eluting stent (DES) has emerged as the most promising way to treat BMS-ISR [5, 6] . The advent of DES remarkably reduced intimal hyperplasia after stent implantation and has demonstrated in the pivotal trials that the rate of restenosis approximated to single digits in selected patients. Still, DES has not eliminated restenosis completely [7] . As expected, the rates of angiographic restenosis and target lesion revascularization (TLR) are increasing when the use of DES widened among patients with off-label indications and those with more complex lesions [8, 9] . Therefore, even in the era of DES, ISR has become an important clinical issue. Previous studies have reported two approaches, a balloon angioplasty or a re-stenting with second DES, to treat for DES-ISR, but the optimal management for DES-ISR is still not clearly defined [10, 11] . Identifying predictive factors for repeat DES-ISR may help improve outcomes after PCI in the DES era. The aim of this study was to evaluate angiographic restenosis and TLR at 8 months after PCI in patients with DES-ISR, and to identify predictive factors of subsequent TLR after treatment of DES-ISR.
Methods

Study population
This analysis comprised a total of 100 patients with 105 lesions undergoing intervention for DES-ISR from April 2004 to January 2009 from 3 hospitals. All lesions were previously implanted on de-novo lesions by either a sirolimus-eluting stent (Cypher; Cordis, Johnson & Johnson, Miami Lakes, FL, USA) or paclitaxel-eluting stents (Taxus; Boston Scientific, Boston, MA, USA). The eligible patients were: (1) first ISR, which was defined as luminal re-narrowing greater than 50% within the stented segment or within a 5 mm segment either proximal or distal to the stent edges; (2) objective evidence of ischemic signs, either symptoms or changes in ST-T segment on the resting electrocardiogram, or inducible ischemia with exercise stress test. Written informed consent was given by all patients participating in the study.
PCI and procedural management
A bolus of 100 IU/kg of heparin was administered after insertion of the sheath and titrated to maintain an activated clotting time >250 s throughout the procedure. The device to treat ISR was selected at operator discretion. The subsequent PCI was performed either with balloon angioplasty including cutting balloon angioplasty or with re-stenting by the same or a different DES. Target lesions were predilatated with conventional angioplasty balloons. After stent implantation, high-pressure balloon inflation was performed to achieve a satisfactory angiographic result of less than 25% residual stenosis by visual estimate. All patients received aspirin 100 mg plus ticlopidine 200 mg or clopidgrel 75 mg per day for at least 12 months and other cardiac medications prescribed by the physicians.
Follow-up and definitions
Angiographic follow-up was scheduled at 8 months after PCI for DES-ISR. TLR was defined as revascularization involving the target lesion. Based on the classification reported by Mehran et al., ISR was classified on the basis of length of the restenotic lesion in relation to the stent length, namely 3 types of ISR have been defined: (1) focal ISR ≤10 mm length; (2) diffuse ISR >10 mm, within the stent borders; (3) totally occluded ISR [12] . Stent fracture was defined as complete separation of the stent by angiographic estimate. Followup was achieved in all patients. Patients who had cardiac complaints underwent a complete clinical, electrocardiographic, and laboratory evaluation.
Quantitative coronary angiography
Quantitative coronary angiography was performed before, immediately, and 8 months after the procedure according to edge detection algorithms. Minimal lumen diameter (MLD), reference vessel diameter, diameter of stenosis (DS), and lesion length were measured using a single matched worst view. Late luminal loss was defined as the difference between the MLD immediately after the procedure and the MLD at 8 months after PCI. The 2nd ISR (subsequently restenosis after treatment of DES-ISR) was defined as greater than 50% DS by quantitative coronary angiography on follow-up angiography.
Statistical analysis
The data are presented as mean ± SD or counts (%). Differences between groups were assessed using ANOVA test for continuous variables. For the main analysis to identity independent predictors of TLR, we used a 2-step analysis. (1) Univariate analysis was used to select the clinical, angiographic, or procedural factors of TLR. Continuous variables were transformed to binary data with 1 for the presence of assumed risk factor and 0 otherwise. For example, age was dichotomized to elderly or not (≥65 years versus <65 years), ejection fraction dichotomized to low or normal (<40% versus ≥40%), and treatment for DES-ISR also dichotomized to the 2 strategies (re-stenting with DES [both sirolimus-and paclitaxel-eluting stents] versus balloon angioplasty [included cutting balloon angioplasty]). We also used the median of each factor as the cut-off point for this division, avoiding arbitrary divisions. (2) Univariate predictors with p < 0.05 were entered into a stepwise multivariate logistic regression model. The odds ratio (OR) and 95% confidence intervals (CI) were calculated for the final multivariate model. Statistical significance was accepted for all p-values < 0.05. Data are presented as number of patients and lesions (%) or mean ± SD.
Results
The baseline clinical and angiographic characteristics are shown in Tables 1 and 2 . The mean age was 66 years, 16% of patients were women, 57% had diabetes, and 23% of patients were on hemodialysis. Data are presented as number of patients and lesions (%) or mean ± SD. eluting stent, paclitaxel-eluting stent, cutting balloon, and balloon angioplasty were 0.50 ± 0.99 mm, 0.49 ± 1.00 mm, 0.93 ± 0.94 mm, and 1.10 ± 0.68 mm (Fig. 1) . Re-stenting with DES (both sirolimus-and paclitaxel-eluting stents) was a lower late lumen loss than balloon angioplasty including cutting balloon: (0.51 ± 0.99 mm versus 1.02 ± 0.78 mm, p = 0.02). During the follow-up, TLR occurred in 35 patients (33.3%). Results of multivariate analysis are shown in Table 4 . The following potential factors were entered into the model: age, female sex, diabetes, arterial hypertension, current smoking, hypercholesterolemia, hemodialysis, ejection fraction <40%, clinical presentation, prior bifurcation stenting with 2 DES, stent length, stent diameter, incidence of stent fracture, ISR after sirolimus-eluting stent, focal ISR pattern, diffuse ISR pattern, totally occluded ISR pattern, pre-vessel diameter, pre-MLD, pre % DS, lesion length, post-MLD, post % DS, maximum pressure, re-stenting with DES. The multivariate analysis revealed that totally occluded ISR (OR 15.43; 95% CI 3.29-72.45, p = 0.0005), and the presence of diabetes mellitus (OR 3.45; 95% CI 1.20-9.93, p = 0.02) were independent predictors of TLR. On the other hand, restenting with DES for DES-ISR was a protective factor (OR 0.14; 95% CI 0.05-0.39, p = 0.0002). Fig. 2 shows the rates of angiographic restenosis and TLR in 3 subsets according to the multivariate analysis.
Discussion
In the present study, we analyzed the predictors of subsequent TLR in a series of consecutive patients with DES-ISR undergoing PCI. Overall rates of angiographic and clinical restenosis were 37.9% and 33.3%, respectively, further suggesting that DES-ISR remains an unsolved problem. Our main results can be summarized as follows: in the era of DES, morphologic pattern of ISR plays a role for predicting recurrence of restenosis, and in particular, totally occluded ISR is associated with an increased risk. Furthermore, the presence of diabetes mellitus is also a strong independent predictor of TLR. In contrast, re-stenting with another DES plays a protective role against restenosis in patients with DES-ISR undergoing PCI. In the era of BMS, morphologic pattern of ISR was the most important factor to predict recurrent restenosis after PCI for ISR. In particular, patients with diffuse ISR pattern were at high risk for recurrent restenosis after PCI. Previous studies demonstrated that 1-year TLR rate after PCI for BMS-ISR was 14-19% for focal ISR pattern, and 35-46% for diffuse ISR pattern [12, 13] . On the other hand, the patients with DES-ISR appear to have different peculiarities when compared to those with BMS-ISR. The first, Colombo et al. showed in an early report, was that the ISR after DES implantation was of a focal pattern and mostly inside the stent [14] . Similar to that report, we also found the focal ISR pattern in 76.2% of patients. This morphologic change of DES-ISR seems to reflect the suppressive effect of instent neointimal hyperplasia by the DES. Unlike the focal ISR pattern of BMS, however, recurrence after treatment of the focal ISR pattern of DES was relatively high in the present study (33.3%). Furthermore, subsequent TLR after treatment of totally occluded ISR was at an unacceptably high rate (69.2%). These findings suggest that there may be different biological mechanisms for recurrence of DES-ISR. Although the exact mechanisms are not known, the differences in composition between DES and BMS might be able to account for mechanisms of DES-ISR. The DES is composed of anti-proliferative agents, and its carrier vehicle is most frequently a polymer modifying drug-release kinetics. It is well known in some cases with DES implantation that non-absorbable polymer provokes chronic eosinophilic infiltration of the stented vessel, suggesting allergic reactions [15] . The polymer-induced inflammation may play a role in ongoing and aggressive neointimal proliferation which is in a total occlusive DES-ISR. Another possible explanation might be the presence of drug resistance to either sirolimus or paclitaxel. Theoretically, re-stenting with a different DES (so-called "hetero" DES treatment) has the potential benefit of offering an alternative mechanism for preventing recurrent restenosis. However, a previous study has shown that a strategy of using a different DES-type to that originally implanted resulted in no differences between implantation of the same or a different DES in terms of preventing binary restenosis and major adverse cardiac events [10] . Incidentally, stent fracture may represent a new potential mechanism of restenosis after DES [16] . In our study, stent fracture was observed in 6.7% of DES-ISR, but it was not associated with an increased risk of recurrence after PCI in patients with DES-ISR.
Diabetes mellitus has traditionally been considered a major risk factor for the development of restenosis after PCI with or without BMS implantation [17] . In the era of DES, however, data from recent studies have not consistently related diabetes mellitus with increased rate of angiographic and clinical restenosis [18, 19] . Interestingly, we found that the presence of diabetes mellitus was associated with recurrence after PCI for DES-ISR. There is a paucity of pathophysiology data in diabetic patients with DES-ISR, but Byrne et al. reported, with the results of 2-year re-angiographic data in 1331 patients, that the time course of restenosis in the DES era might be considered quite different. They found that ongoing late lumen loss beyond 6-8 months post-index procedure is observed in diabetic patients following DES implantation [20] . Several putative mechanisms, including more aggressive intimal hyperplasia, higher coagulability, a higher inflammatory response, and endothelial dysfunction, have been postulated to account for high recurrence after PCI in diabetic patients with DES-ISR [17] . We therefore think that not only waiting for the advance of DES technology, but also systemic approach to improve hyperglycemia, insulin resistance, and endothelial dysfunction are needed to reduce recurrence in patients with DES-ISR.
As already shown in the present study, the rates of angiographic restenosis and TLR were 37.9% and 33.3%, respectively. In this regard, a relatively higher rate of recurrence was observed than expected. Previous studies have reported that binary restenosis rate was found to be 16.7-26.4% [10, 21] . This discrepancy can be explained by patient complexity of our study which had a high proportion of patients with diabetes mellitus and hemodialysis. An additional factor may have been the use of balloon angioplasty for treatment of DES-ISR. Indeed, the re-DES implantation among our patients with DES-ISR was protective and binary restenosis rate was 21.7%. Although a definitive conclusion cannot be drawn in terms of the best strategy for treatment of DES-ISR, at this moment it seems a reasonable therapeutic approach to use re-stenting with a second DES. On the other hand, concern has been raised that the stent sandwich strategy, putting two or three stent-strut one over another, may lead to an occurrence of stent thrombosis [22] . Therefore, we should be very careful in deciding on repeat revascularization for patients with DES-ISR. The patients with predictive factors, especially, may be needed to consider for the indication of coronary artery bypass graft surgery. Recently, a German group reported in patients with BMS-ISR, that paclitaxel-coated balloon was at least as efficacious and as well tolerated as the paclitaxel-eluting stent. Late lumen loss at 6 months was 0.38 mm in the paclitaxel-eluting stent versus 0.17 mm in the paclitaxel-coated balloon group, p = 0.03 [23] . Still, these data are from a small number of patients, but this strategy may be necessary to overcome some of these limitations. The present analyses should be interpreted with caution because of the non-randomized design and relatively small population. However our data are from multiple hospitals. Furthermore, we were also not able to make inferences about the relative efficacy of hetero DES treatment because stent selection was not made necessarily on the basis of any protocol.
In conclusion, we have demonstrated that the rates of angiographic restenosis and TLR are significant in this cohort of patients with DES-ISR. Angiographic pattern of DES-ISR and the presence of diabetes mellitus are the most important predictors of TLR, whereas re-stent implantation with a second DES is protective. These findings may facilitate improved outcomes after PCI in patients with DES-ISR. Prospective randomized trials to define the best treatment in DES-ISR subsets are warranted.
